Background: We conducted a comprehensive bibliometrics analysis to calculate the H, G, M, A and R indicators for all Iranian biomedical research centers (IBRCs) from the output of ISI Web of Science (WoS) and Scopus between 1991 and 2010. We compared the research performance of the research centers according to these indicators.
Introduction
The distribution of funding across universities, research areas and research fields is challenging. Although there are many allocating funding models for research, many countries tend to allocate research funds based on the scientific productivity of researchers or academic institutions (1) . Accordingly, a number of indicators (e.g., total number of publications, total number of citations, H-index) are used to measure researchers, research centers, academic institutions and universities (2) . H-index (h), is defined as follows: "A scientist has index h if h of his/her Np papers have at least h citations each, and the other (Np − h) papers have no more than h citations each"(3). Hirsch (2005) described H-index as an ef-fective index to assess the scientific output and impact of a scientist (3); however, this was later applied to evaluate institutions, departments, universities and countries (4) . Although H-index has been used in many scientometrics studies, its limitations and disadvantages have been pointed out in different studies (5). One disadvantage is that H-index is influenced by self-citations which makes its value more than what it really is and gives a false belief that the scientific work is greatly accepted by the other researchers. Due to the limitations of the H-index, a number of variants such as G, M, A, R deployed by the researchers are aimed to compensate for the weaknesses (5) .
Nowadays, scientometrics has become an important field of study to follow up the scientific products of a research group, a university, etc. Scientometrics studies are useful methods for managing financial and human resources and have been used many times in medical sciences during the recent years (6) . A number of scientometrics studies have been conducted on Iranian scientific production in the recent years (7) . Osareh and Wilson (2000) investigated the scientific output of Iran in Science Citation Index during 1985-1989 and 1990-1994 and also during 2000-2006 (8, 9) . Moin et al. (2005) studied the scientific output of Iran at the threshold of the 21st century (10) . Sotudeh (2010) has compared Iran's impact to global norms in different subfields of Science Citation Index during 2002-2005 (11) . Hayati and Ebrahimy (2009) have also studied the number of articles and citations for Iranian universities, research institutes and other organizations (12) . Siamian et al. (2013) studied the scientific production of Northern Iran Medical Sciences Universities in Scopus from 2005 through 2010 (13) . Nourmohammadi and Hodaei (2013) investigated Iranian women's scientific production in high priority fields of science and technology according to the records of Web of Science (WoS) during 2000-2010 (14) . Scientometric analysis of the major Iranian medical universities has been done by AbolghassemiFakhree and Jouyban (2011) (7) . As previous studies indicated, extensive literature exists on scientometrics studies in Iranian context. However, there is no comparison between Iranian Biomedical Research Centers (IBRCs) based on scientometrics indicators.
In recent years, Iran has had an increasing growth in the number of publications in science and even in biomedical research. However, due to the lack of funding, it is important to increase the quality of biomedical research and conduct practical research according to the country's research priorities. This urged the policy-makers in Iran Ministry of Health to examine the strengths and weaknesses of biomedical research centers when allocating funding. Thus, we decided to evaluate Iranian biomedical research centers according to quantitative and qualitative scientometrics indicators. These indicators allow us to observe whether the performance of a research institute/group or institute is high or not.This was the first bibliometrics study in Iran covering a 20-year period from 1991 to 2010 for all 104 biomedical research centers. It is noteworthy to mention that counting the number of citations and calculating the scientometrics indicators using data from different databases, namely Scopus and WoS, are relatively laborious (15) . Considering the growing popularity of Scopus and WoS as citation analysis tools, we decided to compare the scientometrics indicators for the subjects of the studies derived from these databases. We conducted a comprehensive bibliometrics analysis to calculate the H, G, M, A and R indicators for all biomedical research centers and compare these indicators to illustrate the research performance of research centers in two decades. The aims of this study were calculating the Hindex, G-index, M-index, A-index and Rindex of IBRCs with the output of WoS and Scopus, ranking IBRCs publications according to scientometrics indicators, identifying Pearson Correlation Coefficient between the scientometrics indicators and calculating the overlap of the10 top IBRCs in WoS and Scopus with respect to the studied scientometrics indicators.
Methods
This was a descriptive-analytical study, conducted on 104 Iranian biomedical research centers (IBRCs) which were approved by Iran Ministry of Health. In this cross-sectional study, we used the following steps to collect data from Scopus and WoS databases.
First, the names and affiliations of biomedical research centers were collected through the records of Iran Ministry of Health. Then, we contacted each center and visited their websites for further assurance of their affiliation names. This helped us to conduct comprehensive search and generate precise citation calculations. Because some names or transliteration of institutions (from Persian to English) were not entered consistently in Scopus, we manually standardized all such instances. In cases that the names were altered, we merged the citations under their most recent respective name.
In WoS, we searched the name of country (Iran), name of the medical university and name of the biomedical research center in the advance search of the database. Data were extracted in the "text" format and imported into Microsoft Excel for data analysis. In Scopus, the name of country (Iran), name of the medical university and name of the biomedical research center were searched in "Affiliation Search" search field to retrieve documents published by each Iranian biomedical research center.
The first biomedical research center in Iran was established in 1991 (Medical Ethics Researches); thus, all documents published since 1991 were included in the study. We considered all types of documents including articles, reviews, letters, conference papers, notes, editorials, short surveys, erratum, etc. which were indexed in Scopus and WoS.
When searching Scopus and WoS databases, the number of citations to documents of each research center was retrieved until the date that the search was conducted. Since the study population was very large, we were not able to search all research centers in the same date. Thus, the citations to the publications of each research center were limited to December 2010 to ensure consistency. To do this, the citations to publications from 2011 were discarded and the remained citations were sorted based on the date of publication.
Study Variables and Data Analysis
We calculated the following indicators for 104 Iranian biomedical research centers: The total number of publications (all types) and citations (self-citations were not excluded) were identified for each research center between 1991 and 2010.
Hirsch index, also known as the H-index: Based on the definition, a researcher or research center has index H if H of its' N documents received at least H citations for each document. Publications of each research center were ranked according to the number of citations received. H-index was defined as the highest rank such that the first H publications each received h or more citations (16) .
G-index is an index that illustrates the citation growth of the most cited documents over time. G-index gives more weight to highly cited papers than H-index (5). For calculating G-index, documents were ranked in a decreasing order of number of received citations. G-index was the highest rank such that the cumulative sum of the number of citations received was larger than or equal to the square of this rank (16) .
A-index is defined as the mean number of citations received by documents in the Hirsch core. H-core is defined as all citations received by the first "H" ranked articles which is calculated by dividing H core citations by H-index (5, 16) .
Another index is M-index which is computed by dividing the H-index of a person or an institution by the number of years since its first document was published (H/n). In fact, this index takes into account MJIRI, Vol. 29.217. 7 June 2015 http://mjiri.iums.ac.ir "the time" as a weighting factor (5). Mindex and G-index reach the same goal that is correcting the fact that the original Hindex does not take into account the exact number of citations of articles in the Hirsh core (17). The problems related to the Mindex ("the better scientist is 'punished' for having a higher H-index, as the A-index involves a division by h") are overcome by another index called the R-index which is calculated using a square root. R is defined as the square-root of the sum of citations in the h-core. R-index was suggested by Jin et al. (2007) and takes into account the citation intensity in the Hirsch core. The Rindex is calculated as R=√ ̅ A.H (17).
The following figure indicates how those five indicators were calculated for "Cellular and Molecular Research Center" of Zahedan UMSs in an Excel sheet using Scopus data.
We used SPSS 16 to calculate the Pearson correlation coefficient between the scientometrics indicators. P value less than 0.01 was considered as significant.
Results
We combined two lists of documents retrieved from Scopus and WoS and removed the duplicate items with regards to the title of documents and the names of biomedical research centers. This allowed us to keep documents authored by researchers from two or more research centers. Researchers of Iranian biomedical research centers produced 6035 documents between 1999 and 2010. The majority of IRBCs (87.5 %) published 5469 documents in Scopus (MA=60.09 publications per center) and these documents received 16996 citations (MA=186.76 citation per center) between1991 and 2010. Forty nine research centers published 2366 documents in journals indexed in WoS (MA= 48.28 publications per each center) and these items received 6923 citations (MA=141.28) until 2010 (As stated earlier, we did not exclude the self-citations). Fifty five research centers had no publications in WoS and 13 had no publications in Scopus through the studied years. Moreover, some research centers with some publications in these databases had received no citations. The total number of publications of IBRCs indexed in Scopus was twice more than that of publications indexed in WoS. The mean numbers of ci- Fig. 1 Table 6 ). (2) as presented in Table 7 .
As Tables 8 and 9 demonstrate, there was a significant Pearson relationship between the number of publications and citations in both Scopus (0.917) and WoS (0.941). In WoS, G and R (.998) had the highest correlation, followed by G and H (.987), R and H (.985), R and A (.970) and G and A (.966). In Scopus, the highest correlation was seen between G and R (.990), followed by H and G (.961), H and R (.948), C and P (.917) and C and H (.901). The least correlation was between P and M (.517), C and M (.624) and P and A (.694) in Wos and between A and M (.415), A and P (.464), and M and P (.513) in Scopus. P value less than 0.01 was considered as significant. We calculated the overlap of the 10 top IBRCs in WoS and Scopus with regards to the studied scientometrics indicators. The highest overlap of the 10 top IBRCs was between G and H in WoS (100%) and between G-R (90%) and H-R (90%) in Scopus. The least overlap was between M-A (60%) and M-R (60%) in WoS and between M-A (20%) and M-G (20%) in Scopus. Moreover, we calculated the mean value for the overlap of each indicator with other indicators for the top 10 IBRCs. For instance, the mean value for the overlap of H and other indicators (G, A, M and R) in WoS was calculated as follows: (overlap of H and G+ overlap of H and A + overlap of H and R + overlap of H and M) divided by 4 = 87.5. It was indicated that the mean values were higher in WoS compared to Scopus (79% vs. 56%) for all indicators. A number of studies indicated that Scopus covered more publications and received more citations in different fields of studies (15) , and this was consistent with our results. Number of publications in Scopus was 2.31 higher than WoS in the current study. The values of 5 indicators in the study were also higher in Scopus than WoS. Oliveira et al. (2012) also reached similar findings. They indicated that Hindex and M-index of Brazilian researchers in clinical medicine was higher in Scopus than in WoS (18).One main reason is that Scopus covers more journals (English and other languages including Persian) and even more conference proceedings than WoS. Furthermore, more Iranian English and Persian journals were indexed in Scopus, which influenced the total number of publications and citations.
We could not find a relevant literature on the scientific output of biomedical research centers considering H, G, A, R and M indicators. Thus, we could not compare our findings with the literature to find whether the scientific status of IBRCs was ideal or not in comparison with the biomedical research centers in other countries. However, when we observed some recent studies, we found that the indicator values of some IBRCs were very low in comparison with a Chinese biology center's value (Apoptosis institute had G-index=587 and R-index 414.01) (17). The biggest G and R indicators were 28 and 25.87 in our study, respectively. One study showed that the highest M-index among economics centers was 5 in Ireland (19). This might be due to the fact that the scientometrics indicators are dependent to many variables including fields and sub-fields of the study.
Most of the highly ranked research centers were affiliated to top ranked universities in Iran such as Tehran, Iran, Tabriz and Mashhad UMSs. With an increase in the number of journals published by Iranian universities indexed in Scopus in particular, it is much easier for large universities to publish their own papers in their own journals. Thus, research centers affiliated to the universities that published journals indexed in Scopus and WoS are able to publish their own papers in their own journals. As Pone et al. (2010) suggested, "Significant correlations were found between the citation indices and faculty size, number of publications and the types of degrees held by the faculty, and funding by the US NIH" (4). International and national collaboration, number of faculty members and postgraduate students, ranks of faculty mem- http://mjiri.iums.ac.ir bers, age of research center, domain of activity, university budget and funds secured form resources outside of the research center and the affiliation status of the research center (affiliated to a university or a nonuniversity institution) might influence the research output of the research centers.
The Pearson correlation coefficient between the majority of pair indicators was high and the values were in a range of 0.415 and 0.998. The Pearson correlation coefficient between G and R was very high (0.998) in WOS, followed by G and H (0.987) and R and H (0.985). In Scopus, the Pearson correlation coefficient between G and R (0.990) was higher than other indicatros followed by H and G (0.961), and H and R (0.948). Moreover, in WOS, P and M (0.517) and in Scopus A and M (0.415) had the least correlation. Jin et al. (2007) mentioned that the correlation between R and G was more than the correlation between R and H or G and H(17). Another study confirmed Jin's findings and indicated that the correlation between these two indicators was 0.998 (20).
Some research centers, which were among the top 10 research centers for all indicators, were not ranked in the top 10 for M-index in both databases (e.g., Royan Institute). This may be due to the fact that Mindex takes into account "the time" as a weighting factor (the number of years since the first document is published by a research center). Thus, it may be argued that M-index is just suitable for the comparison of research centers when the H, A, R and G indicators of research centers are the same. Some indicators relate to the number of papers (namely, the H-index or G-index) and the others relate to the impact of the papers (namely, the A-index or M-index) in a researcher's or research center's productive core (5) . Thus, it is suggested to use a combination of all scientometrics indicators for evaluation purposes (M-index and R-index, or of the M-index and the AR index) (17). Another study also suggested using M-index with other H-type variants such as G and R indicators for scientometric studies (21). Furthermore, many research centers were just ranked in the M-index category. The mean value of the overlap of M with other indicators was also lower than the values of other indicators in both databases. This confirms our suggestion that this index should be used with other indicators for scientometrics purposes.
The ranks of IBRCs were more stable in WoS compared to Scopus. In Scopus, when we ranked research centers according to different indicators, considerable changes were observed in the ranking of some research centers. For instance, the overlap between the top 10 research centers in A and G was 90% in WOS, while this was 30% in Scopus. It may be argued that the ranking of research centers in WoS is more reliable than Scopus, as journals index in Scopus is influenced by many variables including more indexed Iranian journals (both in Persian and English). Moreover, this may be due to the fact that WoS is a more established and accepted citation database than Scopus and the fact that WOS does not index Persian journals.
Limitations
Although there were many international ranking systems, this study considered scientometrics indicators because we aimed to concentrate only on the scientific production of the studied research centers via the output of the two mentioned citation databases. Moreover, we could consider effective factors including budget, number of staff/researchers, rank of faculties, policies, international collaboration and external grants on the studied indicators. However, due to the lack of enough information in research centers, the high workload and time limitations, we were not able to study those factors. In future studies, it is suggested to categorize the research centers into top, middle and low ranked categories and analyse the findings according to these categories. Further investigation is required to explore the relationship between the citation patterns and areas of research in biomedical research centers.
Conclusion
Most of the highly ranked research centers were affiliated to top ranked universities in Iran such as Tehran, Iran, Tabriz and Mashhad UMSs. All aforementioned indicators are important for ranking bibliometrics studies as they refer to different attributes of scientific output and citation aspects. However, we suggest using the Mindex for the comparison of research centers with the equal G, A, R and H values.
Ranks of IBRCs according to scientometrics indicators were more stable in WoS compared to Scopus. The mean values of all indicators were higher in Scopus compared to WoS. Scientometrics is usually used for ranking universities and research institutes according to their research outputs. Other scientometrics indicators should also be considered in ranking research centers. Furthermore, more indicators for the qualitative and quantitative evaluation of researches are needed to rank researchers and research centers with outstanding scientific output.
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